Objectives. To evaluate the correlation between specific prepharmacy college variables and academic success in the Texas Tech doctor of pharmacy degree program. Methods. Undergraduate and pharmacy school transcripts for 424 students admitted to the Texas Tech doctor of pharmacy degree program between May 1996 and May 2001 were reviewed in August of 2005. Statistical analyses were performed using SPSS Release 11.5. The undergraduate college variables included prepharmacy grade point-average (GPA), organic chemistry school type (2-or 4-year institution), chemistry, biology, and math courses beyond required prerequisites, and attainment of a bachelor of science (BS), bachelor of arts (BA), or master of science (MS) degree. Measurements of academic success in pharmacy school included cumulative first-professional year (P1) GPA, cumulative GPA (grade point average of all coursework finished to date), and graduation without academic delay or suspension. Results. Completing advanced biology courses and obtaining a BS degree prior to pharmacy school were each significantly correlated with a higher mean P1 GPA. Furthermore, the mean cumulative GPA of students with a BS degree was 86.4 versus cumulative GPAs of those without a BS degree which were 84.9, respectively (p 5 0.039). Matriculates with advanced prerequisite biology coursework or a BS degree prior to pharmacy school were significantly more likely to graduate from the doctor of pharmacy program without academic delay or suspension (p 5 0.021 and p 5 0.027, respectively). Furthermore, advanced biology coursework was significantly and independently associated with graduating on time (p 5 0.044). Conclusions. Advanced biology coursework and a science baccalaureate degree were significantly associated with academic success in pharmacy school. On multivariate analysis, only advanced biology coursework remained a significant predictor of success.
INTRODUCTION
The mandatory educational background of applicants to pharmacy schools in the United States was debated many years before the American Conference of Pharmaceutical Faculties, known since 1925 as the American Association of Colleges of Pharmacy, required for the 1908-1909 academic year, ''satisfactory completion of at least one year of work in an accredited high school or its equivalent.'' 1 Even today, admission requirements for pharmacy schools vary from 16 units of high school work for the 6-year curriculum at the University of Rhode Island College of Pharmacy to 3 years of college studies for the 4-year curriculum at the Ohio State University College of Pharmacy and University of Tennessee College of Pharmacy. 2 Despite differences in admission requirements, each college or school of pharmacy strives to select the most qualified applicants. To this end, many colleges have published studies relating admissions criteria with student academic achievement in pharmacy school. Predictors of academic success in pharmacy school have included American College Test scores, Pharmacy College Admission Test (PCAT) scores, grades in specific prepharmacy courses, prepharmacy grade point average, personal interview scores, Myers-Briggs Type Indicator, California Critical Thinking Dispositions Inventory and Skills Tests, and a prior 4-year college degree. Whereas the value of grades in prepharmacy math and science courses have been confirmed by multiple studies, a prior 4-year college degree predicted success in a study by Chisholm but not in a study by Thomas. 20, 25 To our knowledge, no studies have evaluated the relationship between advanced prepharmacy college courses and academic success in pharmacy school. The aim of this study was to explore the association between advanced chemistry, biology, and math coursework (junior and senior level college classes beyond required prerequisites) as well as the attainment of a prior college degree (BS, BA, or MS) with academic success in pharmacy school.
The Texas Tech School of Pharmacy has offered the Doctor of Pharmacy (PharmD) degree as its single professional degree since the first class was admitted in 1996. The Texas Tech PharmD degree program requires at least 2 years of specific undergraduate college study followed by 4 academic years of professional pharmacy study. The required science and math prepharmacy courses include 8-10 semester hours of general chemistry with laboratory, 8-10 semester hours of organic chemistry with laboratory, 4 semester hours of general physics with laboratory, 8 semester hours of general biology with laboratory, 4 semester hours of microbiology with laboratory, 3-4 semester hours of calculus, and 3 semester hours of statistics.
Applicants are required to take the PCAT, submit transcripts from undergraduate institutions, complete a pharmacy experiential writing essay, have letters of recommendation submitted, and submit a completed application (along with an application fee). Based on these requirements, students are invited for an on-campus interview. During the interviews, students are required to take the California Critical Thinking Skills Test, complete a writing sample, participate in a group patient problem-solving session, and undergo interviews by faculty members and students. The Student Affairs Committee conducts a comprehensive review of each candidate who completed the on-campus interview and then selects applicants for admission into the PharmD program. Student data were initially transcribed to an Excel spreadsheet, and then converted for analysis with SPSS Release 11.5. Character data were encoded numerically when needed. For quality assurance, frequency distributions for all variables included in the research study were verified for reasonableness. Furthermore, the data were cleaned to provide quality assurance that there were no transcription errors in the data. Following data validation, basic descriptive statistics including means, standard deviations, and percentages were produced. Inferential statistical tests were also employed. The Chi square test was used with nominal data. The independent-samples t test was used with continuous data. Bivariate correlations, including Pearson's and point biserial, were computed to test the magnitude and direction of relationships between variables.
METHODS
Multivariate methods were used to assess the impact of covariates. Stepwise multiple regression was used for analyses involving continuous dependent variables; logistic regression with forward selection was used for analysis involving a binary dependent variable. Dummy variables were created for categorical independent variables. To verify the appropriateness of the resultant regression models, the correlation matrix for the independent variables and the variance inflation factors were examined for multicollinearities; no problems were detected. For all analyses, the a priori level of significance was 0.05.
RESULTS
Of the 424 admitted students, 162 (38%) had taken advanced chemistry coursework, 255 (60%) had taken advanced biology coursework, and 98 (23%) had taken advanced math coursework prior to pharmacy school. Furthermore, 144 students (34%) had earned a BS degree prior to pharmacy school; 38 students (9%), a BA degree; and 12 students (3%), an MS degree. The most frequent additional chemistry courses included analytical chemistry methods and laboratory, biological chemistry, and molecular biochemistry. The most common additional biology courses included genetics, cell biology, immunology, biochemistry, and molecular biology. The most common additional math courses were calculus II, calculus III, differential equations, and advanced statistics. Some institutions categorized biochemistry under the department of chemistry and others under the department of biology. Therefore, this course was categorized in our study as either Among all students admitted to the PharmD program (N 5 424), prepharmacy GPA, taking advanced courses in biology, and earning a BS degree prior to pharmacy school were significantly associated with a higher mean P1 GPA ( Table 1 ). The mean P1 GPA of admitted students with advanced prerequisite biology courses was 84.0 compared to 81.5 for those without advanced biology courses (p 5 0.001). The mean P1 GPA of admitted students who had earned a BS degree prior to pharmacy school was 84.3 compared to 82.2 for those who had not earned a BS degree (p 5 0.007). Additionally, earning a BS degree prior to pharmacy school was significantly associated with a higher mean cumulative GPA among all admitted students (Table 1 ). The mean cumulative GPA among all admitted students who earned a BS degree prior to pharmacy school was 86.4 compared to 84.9 for those who did not (p 5 0.039). Also presented in Table 1 , advanced math, advanced chemistry, organic chemistry taken at a 2-or 4-year institution, BA, and MS were not significantly correlated with GPA among all admitted students.
Among graduates of the PharmD program (n 5 389), prepharmacy GPA, advanced biology, advanced chemistry, and attaining a BS degree were significantly associated with a higher mean P1 GPA ( Table 2 ). The mean P1 GPA of graduates with advanced prerequisite biology courses was 84.9 compared to 82.5 among those without those courses (p , 0.001). The mean P1 GPA of graduates with advanced prerequisite chemistry courses was 84.7 compared to 83.4 among graduates without those courses (p 5 0.025). The mean P1 GPA of graduates who earned a BS degree prior to pharmacy school versus those who had not was 85.5 and 83.1, respectively (p , 0.001). Furthermore, having taken advanced biology courses prior to starting pharmacy school and earning a BS degree were significantly associated with a higher mean cumulative GPA. The mean cumulative GPAs of graduates who had completed advanced prerequisite biology courses prior to pharmacy school versus those who had not were 86.91 and 85.98, respectively (p 5 0.04), and the mean cumulative GPA of graduates with versus without a BS degree was 87.7 and 86.0, respectively (p , 0.001). Also presented in Table 2 , advanced math, organic chemistry taken at a 2-or 4-year institution, BA, and MS were not significantly correlated with GPA among graduates.
Completing advanced prepharmacy biology coursework, was significantly associated with a higher likelihood of graduating on time and avoiding academic delay or suspension (p 5 0.033) than taking advanced prepharmacy math or chemistry courses, ( Table 3 ). The prevalence of academic delay or suspension among PharmD students who had taken advanced biology coursework versus those who had not was 14.5% and 23.1%, respectively, for an absolute difference of 8.6%. Additionally, the attainment of a prepharmacy college degree was significantly correlated with graduating from the PharmD program on time and avoiding an academically delayed graduation or academic suspension (Table 4) . However, the rate of a delayed graduation or suspension for academic reasons was higher among those students with a prior BA degree (28.6%) than those without a prior degree (19.3%). Also of note in Table 4 , among the 12 students with a master's degree prior to pharmacy school, none were academically delayed or suspended; although 2 withdrew for nonacademic reasons. Earning a bachelor of science degree prior to pharmacy school was significantly associated with graduating on time and avoiding academic delays or suspension in the PharmD program (p 5 0.027), (Table 5 ). The prevalence of academic delay or suspension among PharmD students with a BS degree versus those without one was 13.2% and 20.4%, respectively, for an absolute difference of 7.2%.
Multivariate statistical analyses were employed to control for covariates. Stepwise multiple regression produced a model (F(2, 414) 5 56.856, p , .001; R 2 5 0.215) which yielded the finding that independent variables associated with P1 GPA were prepharmacy GPA (b 5 .422, p , 0.001) and completion of advanced biology courses prior to pharmacy school (b 5 .251, p , 0.001). Additionally, stepwise multiple regression generated a model (F(2, 417) 5 26.903, p , 0.001; R 2 5 0.114) which demonstrated that independent variables associated with cumulative GPA were prepharmacy GPA (b 5 0.324, p , 0.001) and taking advanced biology courses (b 5 0.143, (2) 5 11.058, p 5 0.004) which showed that independent variables associated with the odds of graduating on time were prepharmacy GPA (Exp(b) 5 2.6 , p 5 0.005) and taking advanced biology courses (Exp(b) 5 1.7 , p 5 0.044). The consistency of these findings suggests that prepharmacy GPA and advanced biology courses are the best predictors of student outcomes among the variables under consideration.
DISCUSSION
The present study confirmed previous study results, such as the association between prepharmacy GPA and a higher mean P1 GPA and cumulative GPA. This study also demonstrated new findings. For example, that a prior BS degree but not a prior BA degree was significantly associated with academic success in a PharmD program may explain the disparity in the observations by Chisholm and Thomas in relation to a prior 4-year college degree predicting academic achievement in pharmacy school. 20, 25 The type of prior degree earned by a school of pharmacy applicant appears to be an important distinguishing factor. However, the knowledge, maturity, and experiences gained by completing a BA degree are arguably beneficial in many ways other than an improved pharmacy school GPA. For example, an association between a prior BA degree and leadership roles within student pharmacy organizations might be an interesting area of future research.
Although having obtained a prior BS degree was statistically significant, the academic significance of an absolute difference in P1 GPA of 2.1% and cumulative GPA of 1.5% among pharmacy students with such a degree versus those without is questionable. This question centers on whether a statistically significant difference in GPA is practically significant. Beyond academic significance, the hypothesis that these differences in pharmacy school GPA are associated with greater practice success after graduation is tenuous and unproven. Nevertheless, the significant difference in rates of academic delay or suspension between pharmacy students with a prior BS degree versus those without a BS degree is a more practically significant finding than GPA differences. Specifically, the observed absolute difference of 7.2% in the rate of academic delay or suspension between these students means that for every 14 matriculates admitted to pharmacy school with a prior BS degree, 1 case of academic delay or suspension may be avoided.
In the present study, advanced chemistry coursework was only significantly associated with a higher mean P1 GPA among PharmD graduates rather than all students admitted into the PharmD program. Whereas advanced biology coursework was significantly associated with a higher mean P1 GPA among all students admitted and among graduates, a higher mean cumulative GPA among graduates, and graduation without academic delay or suspension. This observed absolute difference of 8.6% in the rate of academic delay or suspension among these students means that for every 12 matriculates admitted to pharmacy school with advanced biology coursework, 1 case of academic delay or suspension may be avoided. Furthermore advanced biology coursework was statistically and independently associated on multivariate analysis with academic success in pharmacy school. The stronger association between advanced biology yOne student earned a BS and then a BA during prepharmacy college studies zOne student earned a BA and then a BS during prepharmacy college studies xTen students earned a BS and 2 students earned a BA prior to a MS degree Several observations in this study need to be confirmed by additional research. For example, the effect of a prior MS degree upon pharmacy school success requires a larger sample size than the present study. Additionally, students who took organic chemistry prerequisites at a 4-year institution versus students who took organic chemistry coursework at a 2-year institution did not significantly achieve greater academic success in pharmacy school in this study. This observation is relevant because pharmacy school admissions committees often must compare applicants with educational backgrounds from 2-year and 4-year institutions. The comparison between pharmacy school applicants with an educational background at a 2-year versus a 4-year institution needs to be further studied. Furthermore, several studies have documented the significance of prepharmacy math GPAs toward achieving success in pharmacy school; however, our study did not reveal any benefit from advanced mathematics coursework. 10, 19, 21 The results of our study add clarity to math prerequisites for pharmacy school. While the grade attained in 3 semester hours of college calculus and statistics may predict academic success in pharmacy school, additional mathematics coursework may not be of any further benefit. Another suggested area for future research would be an evaluation of the impact of the number of credit hours of advanced prepharmacy coursework on academic success in pharmacy school. For example, would an admit with more advanced credit hours (eg, 9 credits) in advanced biology courses perform better in pharmacy school than an admit with less advanced credit hours (eg, 3 credits)?
Limitations
Since the research design was retrospective, random selection of subjects and random assignment of subjects to treatments could not be implemented. Accordingly, a true experimental design could not be achieved. Given this limitation, causality can not be established. Additionally, it is possible that confounding variables not included in the analyses exist. The findings may not be readily generalized to other institutions or student populations that are not similar to Texas Tech with respect to student demographics, faculty characteristics, and program requirements. Further research, including replication using different student populations or different environments, may serve to strengthen the validity of the findings of this study.
CONCLUSIONS
Pharmacy school applicants with advanced college biology coursework or a BS degree were significantly more likely to have a higher P1 GPA and cumulative GPA than students without this education background. Applicants who had taken advanced biology courses or attained a BS degree were significantly more likely to graduate on time without academic delay or suspension compared to their counterparts. Furthermore, advanced biology coursework was significantly and independently associated with graduating on time without academic delay or suspension. These results, especially if validated by other pharmacy programs, may assist admissions committees in making a more informed decision in selecting the most qualified applicants, and in determining college coursework admission requirements.
